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. .gPro;ect Descrlptmn The u.s. Envn'onmental Protectlon.__
- "Agengy (EPA) conducted an evaluatron of the Enhanced In-"
", Situ-Bioremedidtion. Process, ‘a biostimulation technology: :
developed by.the U.S. Department -of Energy (DOE) at the -

', Westinghouse Savannah River.Plant site in-Aiken; SC. DOE -
~has licensed the process’ to Earth “Tech,’ 'Ing.- (Earth Tech)

- The evaluatron descrlbed in. thrs bulletln was carned out by

. :The pnmary components of Earth Tech s, treatment system‘
1.7 Gorisist of an.injection well, air injection’equipnent, ground-. . tion is-moré likély to afféct a-larger aréa than fiquid nutrient-
R water monltonng wells; and soil’ vapor momtormg pomts The -
SN '{‘mjectlon well is desighed to deliver air; nuttients,. and ‘meth-
.V aneto groundwater in the bedrock 30 10’50 feet below ground |
) _‘surface For the system evaluated, the air was" supplied bya. -
""compressor that was capable of delivering 15-30 psi and ap-

- .. proximately 20 scfm o the injection well. The micnitoring wells

: “and soil vapor monltonng points. were installed upgradlent ‘

+-down- grad|ent and | cross-gradient relative to: the injection well: -

. |ocation to delineate’ the.zone" of iinfluerice ‘and to- monitor _

S 'groundwater within and outsrde of the zoné of: lnfluence The =

~ . soil vapor monitoring points can’ be de5|gned to release or-

<" capture vapors that .may build up in the, overburden. The
*. . monitoring wells were constructedin a manner to allow them:

to be’ converted to- elther mjectlon wells or soil vapor extrac-‘

+ tion points.

R jThe typlcal mjectlon system consrsts of air, nutrrent and:

‘methane injection. equlpment all can be housed i ind tempo-

-+ rary building or shed. A compressor gervés as the air source,
-". and includes a condensate tank’ (“trap”) wnth a drain, an air-
P Ime, coalescing filters and pressure regulators and: valves.
. The methane and nitrous oxide. provide the source of carbonv ‘
" and'ritrogen, respecttvely Bothare. prowded in standard gas *

' cylmders and are’ piped into the main air line’ usmg regula-

© fors and:flow meters. Triethyl. phosphate (TEP), the. phos:
. 'phorous source, is in. liquid state. and is stored-in & pressurejf"
’ rated steel tank Arr from the mam hne is. d|verted thr0ugh the

In-Situ Bioremediation Process

"rWaste Appllcab i

tank to volatifize the TEP for subsurface'delrvery The air, ni- .-

- trous ox1de .and TEP- -are m;ected contmuously white: theg‘. e
methane:is: mjected ona pulsed schedule The methane is -

' closely monitored just pnor to lnjectmg into'subsurface wells: -~
“to.ensure that the injection concentration: ‘does - not exceed; e
4% by volume, thus’ avoldmg the methane lower explosnve T

L ,Ixmlt (LEL) of 5%.; s ; . : CON
... the EPA SuperfUnd nhovative Technology Evaluatlon (SITE)"
oo Program Earth Tech is utilizing the process ‘to-deliver a'mix-"

. .- ture-of ‘air and gaseous phase nutrients; and/or.methane tol'_.‘

..+, contaminated groufidwater in fractured bedrock at a site in

ST _‘Roanoke VA.These enhancernents are delivered to'contami-.

- nated groundWater via an ln;ecﬂon well and’ were, _designed -
"y to’stimulate and accelerate the. growth of eX|st|ng ‘microbial .
: .populatlons espec;ally methanotrophs This type, of aerobic’

»."bactefium has. the.ability to metabolize ‘methane. and - :pro- -

.+ - - duce ehzymes capable of degradlng ohlonnated solvents.and
el thelr degradatlon products to non- hazardous constltuents

,glnjectlon) .The process is also apphcable in situations’ where‘r ’ -
-subsurface. utilities- l|m|t or preclude the USe of technologlest‘ i
, requmng excavatlon AR l

"'.Demonstratlon Results A prlot-scale technology demon-_ B
 stration of the Enhancéd In-Situ Bioremediation process.was. - .
conducted ffom March 1998 to July 1999 at the ITT Ihdus-" " e
:tries Night Vision (lTTNV) Division’ plantin Roanoke, VA.The: i1 *
ITINV facﬂlty isan active manufacturmg plant that produces .-~ .
nightvision: devices and related | night vision products forbeth™
.government and commercral customers. Groundwater con-. ..
tamination at the facnllty has resulied from tank leaks-of both,..: " - .
chiorinated and:rion-chlorinated compounds, which were . .~
‘used as manufactunng cleamng solvents..Remediation is .« "~
- being corducted at the. facility as a RCRA Interim Measurev o
- (IMY; and is complrcated by target VOCs-oceutring in frac-- -, .07 7
“tured bedrocK below-the suiface. "This logistical complexity  ~ ¢
.'-'presented by thearea ‘geology was a key-factor for selectlng' R
. the- Enhanced In-Situ, B|oremed|at|on process S

The demonstratlon study area was Jocated . adjacent o S,
'.‘._lTTNV’s commercial operations building. (Burldmg 3),andwas -

, Immed:ately downgradlent of a'contamination §ource thathad * .. =~
resulted from a leak of an-underground-waste solvent tank. .

The study area.is the only Jocation at the facility where'the = : = .0 7
source release has contaminated the groundwater with both "' 70 "L |
Hchlonnated and non chlorlnated groups of VOCs, Sevetal VOC -

. 80% RecycledIRecyclable '

- ’ . paper that contains a minimum ol
. . 50%. post-consumer llber conte
processed chlonne tree B

y. The Enhanced ln Sltu B;oremedlatlon:_‘j*- o
. progessis applicable for treating volatile organic compounds BT
‘_(VOCs) in groundwater that ‘can be naturally blodegraded L
.including some hard to degrade chlorinated YOCs. The mix~-", . " A
‘ture of air.and gaseous phase nutrients that is anected into .
- the subsurface provides-an aérobic environmerit for contami- * . e
“riant degradation.-Toxic' products resultmg from. anaeroblc;,ﬁ_" PR

' 'degradatlon of chiorinated solvents (e.g:, vinyl chlonde) may. -

- be broken down completely in this' agrobi¢ environment. The - e

- in=gitu’process’is éspecially apphcable for, hydrogeologlcally' L

: -complex sités whére injected’ nutriént flow paths are uncer= . .. "

5 tain (1 e in fractured bedrock gaseous phase nutrient i injec-..
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compounds have been detected in the groundwater at thrs

. .ogy demonstration are: presented in Table 1 and are based
nant Leve! (MCL). These compounds include actual solvents B
such as ‘trichloroethene (TCE).and. 1,1, 1-trrchloroethane;;-
- (TCA), as well as several of their breakdown produets. Prior.’
1o the start of the demonstratron methane was present and .

location above their respectrve Federal Maximum-Contami-

_ TCE was absent from some-of the wells. These observations.

_naturally occurring. - = o

The Earth Tech system rnstalled at the study area consrsted’fr

of eléven monitoring points. These included an injection well;

" four monitoring wells. located: thhrn the radrus of influence, - ° '_ _' R
two monitoring wells located outsrde of the radius of influ-. "

. ence (i.e., ohe upgradient and'one downgradrent) and fou

soil vapor-monitoring points. Selection of the specrfrc con- -
taminants and wells to evaluate was based on review of his-" -
torlcal site data, results ffom a pre- demonstratron samplrng -
event, and-on a statistical ‘analysis.’ Emphasis was placed on. -
. sampling the foyr monitoring'wells located within the radrus;;.
" of influence, which were desrgnated as cntrcal wells Four; 5
. specific contaminants were assdciated- with these wells that
exhibited acceptable temporal and spatral varrabrlrty forevalu- -
.+ ating the technology. These: ““critical analytes™ included
- chlorogthane (CA), 1,1-Dichloroethane (1,1-DCA), cis-1,3-"

Dichloroethene (cis-1,2-DCE), and Vinyl Chidride (VC) TCE"

was not selected because it did not exhrblt acceptable tem-‘. -

, poral and spatial variability.”. .

The primary objective of the’ demonstratron was to evaluate
Earth Tech’s claim that there would. be a minirhumn of 75% "
reduction (witha 0.1 levef of srgnrfrcance) inthe groundwaterr
_concentration of each of the four critical -analytes within the
.zone of influence, following six months: of treatment. How-,
‘gver, proceéss optimization and’ modrfrca’uons resulted.in-ex- .-
tending the evaluation period-to sixteen months. Based on'
the above-mentroned claim and pre-demonstration. data; an-
experimental design was developed to guide the evaluation. .

During the baseline and final samplrng events, oné-ground-

_water sample from éach of the four crrtrcal wells ‘was col- |
lected for VOC analysis daily for seven consecutrve da' S (for‘

‘a total of 28 samples per event)

846 Method 8260. The results indicate thdt the targeted 76%
reductron ‘was achieved or: exceeded for two of the! four crm
(cal compounds from basellne to frnal events : o
“strongly suggest that ahagrobic’ degradatron of TCE was o . . S

. Table 1 Groundwater Results

.2' Percent reductions shown represent the Lower Confrdence errt

srgnrfrcance

"'An lnnovatrve Technology Evaluatron Report (ITER) descrrb-
'ing-the complete: demonstration will be available in'the near -
’~future, For further |nformat|on please contact the followrng

l‘_EPA Pr0|ect Manage RN
‘Vince Gallardo - - _ ‘
-U,S.EPA™ : o L '
-.-Natronal Rrsk Management Research Laboratory (NRMRL)
- 56 West Martrn Luther King Jr Drive

‘Cincinnati, OH 45268 ok
* (513).569-7176 .
E-marl gallardo vrncente@epa gov
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Results from the Earth Tech ln Srtu Broremedratron Technol-

on:the 28 baseline and 28 fihal samples. for.the. four critical *
analytes VOC concéritrations were détermined by EPA SW-

Contamrnant ‘St'atrstrcally -

’ Concentratron o Average Srganrcant’ R '
-:ATarget gy Per’c‘ent» Percent
Compound 'Baselme Frnai"i
CA - 330
1, 1-DCA 960 " 190
cis-1 2—DCEU;'_,J 3100 . 90"
VC o 1100 )

g Values are the average of 28 results from four wells and rounded ) RS

to two’ srgnrfrcant digits,

1. level of

(LCL) for the' Average Percent Reductr0ns wrth a '0"




